Gravatt, Dan

From: Bartenfelder, David

Sent: Thursday, January 30, 2014 12:24 PM
To: Gravatt, Dan

Cc: jschu@usgs.gov

Subject: West Lake Landfill FT Workplan
Attachments: WLL_FT 013114.docx

Dan-

Please find attached the revised FT workplan. After many revisions, John and I think we have a practical and useful
product. Feel free to contact us if you have any questions/comments before forwarding along to the project team.

Thanks for your patience.

Dave






West Lake Landfill Fate & Transport Draft Scope of Work
INTRODUCTION

The West Lake landfill represents a complex site that is influenced by its setting at the edge of the
Missouri River alluvium (a regional groundwater discharge area), historical disposal activities, suite of
radioactive contaminants, and proximity to dewatering at an adjacent sanitary landfill located within a
former bedrock quarry. The purpose of this fate and transport (FT) work plan is to develop a better
understanding of the site conditions and how they influence the physical and geochemical behavior and
contaminant transport, particularly radionuclide constituents. An iterative adaptive management
approach is utilized to take advantage of the historical data already available from the site to develop a
comprehensive conceptual site model and, as needed, improve the existing groundwater monitoring
network. Recent (2011-2013) ground water sampling activities at the site have yielded new information
on groundwater levels and geochemistry. Building on this new groundwater information, and the better
understanding of physical and chemical form of the radioactive-impacted material (RIM) and its
weathering behavior, will manifest in an improved understanding of contaminant transport at the site.

The scope of work laid out will concentrate on three areas: RIM form and leachability, physical flow
regime, and groundwater geochemical attributes.

In response to comments on the Focused Supplemental Feasibility Study (SFSS), a significant quantity of
additional water-quality and ground-water level data has been collected within the past 20 months at
the site. In addition, background groundwater quality data has been or is being collected from location
offsite, in particular for radionuclides. The additional groundwater data collected represents a unique
opportunity to verify, and revise the existing Site Conceptual Model (SCM) and provide additional
confidence in understanding the FT of contaminants of concern (COCs), particularly radionuclides
at/from the site. The additional effort is being undertaken because of the longevity and in-growth of
some of the radionuclides and to reduce to the extent possible the uncertainty in the current SCM and
the FT of COCs.

In response to discussion on the draft Scope of Work for additional FT modeling, the EPA puts forth the
following suggested guidelines for revision of the draft FT scope of work. These comments lay out a
strategy that, while incorporating FT modeling, stresses greater use of the general comprehension of the
site by ensuring a comprehensive SCM that is consistent with all available data. Modeling is still
supported, but it is to be used in a supporting role that is to lay out boundary conditions for assessing FT
of COCs. Essential to success of the FT effort is a comprehensive SCM that captures the hydrology and
geochemistry at the site and is consistent with current GW data and that should reconcile any disparity
in water quality in wells southeast of the north quarry {such as PZ-101-SS and others) and the presumed
groundwater divide that has been hypothesized to exist between Area 1 and those wells. At key stages
in the process, the parties should convene to adaptively manage the investigation and modeling
activities in order to efficiently incur costs and maximize time.



The SCM and FT effort should also be forward looking to enable better visualize how the vadose and
groundwater systems might operate in the projected future time period (i.e., 1,000 and 9,000 years).
The FT effort should be coordinated with other respondent activities at the site and flexibility in site
activities should allow the opportunity for RIM to be characterized (chemical, physical, mineralogic, and
radiochemical).if any invasive activities at the site occur that encounter such material. To meet the
proposed goals, the EPA puts forth the following work elements:

1- The respondent should provide a revised site conceptual model that incorporates and is
consistent with the additional data collected during 2012-2013. Care should be taken to
incorporate complexities in groundwater flow and additional evaluation of groundwater level
and water-quality data in the vadose and saturated zones. Part of this effort includes additional
evaluation of groundwater levels beyond what has been presented previously.

a.

This should include revised cross sections that incorporate the extent of the 2012-2013
site GW data. Cross sections should show accurate relations of OU1 and OU2 disposed
fill and known RIM, thickness of alluvium, and bedrock units (St. Louis Limestone, Salem
Limestone, Warsaw Formation, Burlington-Keokuk formation, in relation to the nearby
Bridgeton landfill (its sump etc.), dewatering well sumps, and monitoring wells. Care
should be taken to accurately reflect the relation between the former quarry floor
elevations, leachate risers, and nearby monitoring well open intervals.

Incorporation of vertical groundwater gradient. At issue is that there are vertical
gradients that have been identified in both the alluvial and bedrock aquifers.
Particularly with the bedrock aquifer, the relationship of well screen elevations to each
other and to the bedrock/alluvium surface will influence the measured head in the well.
The respondent needs to make additional effort to examine groundwater levels in 3-D
rather than the simple 2-D framework. A review of well construction diagrams indicates
that elevation differences in well screens may be several tens of feet or more and
combing this with strong vertical gradients in the bedrock, can lead to additional
uncertainty in potentiometric maps. Potentiometric data and maps should be re-
examined after considering “normalized” head elevations in wells (especially bedrock
wells) with known vertical gradients perhaps using software such as Oasis montaj ™ or
one of many other suitable packages to work with these normalized heads.

Evaluation of nearby dewater pumping on selected “key” monitoring wells (i.e.
continuous WL recording for a selected period to see if switching on of pumping wells
can explain complexities in interpreted flow that the respondent has attributed to such
pumping). The revised SCM should take into account that water levels in pumping wells
may not be an accurate reflection of groundwater levels within the fill in adjacent
former quarry areas.

The revised SCM model should be consistent with the current available GW data. The
SCM should be able to explain differences in major ion and radionuclides in the alluvium
and bedrock aquifer without reliance on generalized literature references that are not



e.

applicable to the site. The SCM also should be consistent with major ion data and
anomalous radionuclide levels in wells such as PZ-101-SS.

The conceptual site model should also include a discussion of background groundwater
quality in the alluvium and bedrock including common landfill indicator parameters
(such as Ca, Na, Cl, B, Cr, Sr, |, or others) as well as radionuclides. Data from previous
monitoring wells no longer in existence should be incorporated.

Evaluation of precipitation on the moisture regime within the disposed fill and its
infiltration into the alluvium and its impact on the potentiometric surface.

2- As part of providing additional understanding of FT of radionuclides in particular, additional
evaluation of respondents FT work plan is needed. As part of this additional evaluation, EPA
agrees that including some of the elements in the draft FT scope of work such as application of
geochemical models will greatly aide in understanding FT of long-lived radionuclide COCs.
However, the graded approach as presented in the draft FT SOW was misapplied and not
appropriate. Also, the FT modeling effort may benefit from avoiding complexities such as
kinetics that require additional assumptions. The suggested approach might be the following
with allowance for interaction with EPA as necessary between each step :

d.

Initial equilibrium geochemical modeling of interaction between RIM (physical and
chemical composition estimated from exiting data) and landfill leachate end members
to set boundary conditions. Simulation under both oxic and anoxic conditions should be
considered. Modeling should include current and maximum predicated future RIM
activity (i.e. 9,000 years) to establish if a worst-case scenario even exists before pursuing
additional modeling exercises.

Include several leachate signatures (from site leachate wells, seeps, relevant literature
generic leachate etc.) and perhaps a rainwater/DI scenario to capture the range from
“strong” leachate to minimal leachate impact (e.g. infiltration signature out 100s years).
The proposed source terms for radionuclide phases as provided in the draft FT SOW
seem reasonable but radionuclide contents in solid phases considered should cover the
range of activity in RIM known to exist today (e.g. 5%, 50%, and 95 percentile
radionuclide activity values) and also what radium (Ra) and mobile radioactive
constituent contents in RIM would be at 1,000 yr and 9,000 yr (maximum Ra from Th
decay). Characterization of actual RIM is desirable as described in (d) below. Also, the
stability/maximum solubility (assume equilibrium) of radionuclides COCs in existing site
groundwater (alluvium and bedrock) can readily be estimated with existing data through
solubility calculations.

Data from any RIM characterized during other activities at the site should be
incorporated and samples of RIM encountered through those other activities should be
archived for potential future geochemical analyses and modeling. Undertake analyses
of RIM to identify key solids phases in the RIM and its chemical, radiological and
mineralogic composition for simulations. Specific grain analyses (such as SEM with
EDS/WDS and fission-track screening) can be useful for identifying phase associations of



radionuclides. Consideration should be given to activities scheduled for other purposes
that would minimize collection costs.

d. Batch leaching studies of collected/archived RIM material can be used in combination
with theoretical molding results and would enhance confidence in modeling results.

e. Use the range of end member results from (a) above to perform additional forward
geochemical calculations considering mixing and interaction with selected solutions
representing background alluvial and bedrock groundwater and selected solid phases
that may affect FT of radionuclide COCs described in the draft SOW submitted such as
Fe oxyhydroxides, calcite, sulfate/sulfides and other phases and species discerned from
the initial geochemical screens. Simple two component (step a result plus shallow
alluvial a = result) models as well as multi-step mode runs (step a output + shallow
alluvial + shallow bedrock = result) may be desirable. Respondent may choose to
incorporate 1-D transport.

f. Compare results from step (d) to existing GW QW data, such as wells that have Ra above
MCL and those that do not. Consideration should be given to comparing forward
simulations with reverse simulation where data from “key” monitoring wells with
elevated radionuclides and perhaps several without is used.

3. A -3D model of groundwater flow is needed to aid in the design of a long-term groundwater
monitoring network for the site. The model may be focused on the alluvial aquifer, or a combination of
alluvium and bedrock. This step is a longer-term effort and results from previous steps are needed
before scoping.
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MEMORANDUM

SUBJECT: Observations on the EMSI report: Evaluation of Possible Impacts of a Potential Subsurface
Smoldering Event on the Record of Decision — Selected Remedy for Operable Unit-1 at the West Lake Landfill,
Dated January 14, 2014

FROM: John McKernan, ScD, CIH
Director, ORD Engineering Technical Support Center (ETSC)

TO: Dan Gravatt, RPM
U.S. EPA Region 7

This memorandum was prepared in response to your e-mail dated January 14, 2014, that requested the ORD
Engineering Technical Support Center (ETSC) provide scientific observations on the report prepared by Engineering
Management Support, Inc. (EMSI), a contractor for the site’s potentially responsible parties (PRPs). In a letter dated
July 3, 2013, the United States Environmental Protection Agency (EPA), Region 7 requested that the PRPs expand
the risk analysis section of the December 2011 Supplemental Feasibility Study (SFS) for the West Lake Landfill,
Operable Unit-1 (OU-1). It was requested that the expanded analysis consider the risk from a subsurface smoldering
event (SSE) originating in the adjacent Bridgeton Landfill, or within OU-1.

ETSC and its contractors prepared this memorandum to provide a summary of our observations on the seven bullet
points listed in EMSI's January 14, 2014 report. The responses in the memorandum are based on the following: 1) a
review of the January 14, 2014, EMSI report, 2) a focused review of the May 2008 Record of Decision (ROD) for OU-
1 and the 2011 Supplemental Feasibility Study (SFS), 3) our knowledge of the SSE and related data collected at the
Bridgeton Landfill, and 4) our general knowledge of landfill operations and SSEs.

This memorandum is intended to be a high-level summary. We did not comment on the likelihood of a SSE occurring
in or traveling to the OU-1 cell. Each bullet point from the EMSI January 2014 report is presented below in bold type,
and our observations related to these bullet points are presented in normal type.

Thank you for the opportunity to review and provide input on referenced report. Please feel free to contact me with
any questions or comments.

EMSI Executive Summary Bullet Point #1: The radiologically-impacted material (RIM) disposed of in West
Lake Areas 1 and 2 will not become more or less radioactive in the presence of heat. Likewise, the RIM is not
explosive and will not become explosive in the presence of heat.

ETSC Observations: We agree that the RIM in OU-1 is not expected to be more or less radioactive in the presence of
heat. However, we do not have a full accounting of the non-RIM solid waste in OU-1. At this time, we have no
evidence that would indicate that the RIM and non-RIM material known to be in OU-1 will become explosive in the
presence of heat, even at the elevated temperatures observed in the Bridgeton Landfill. It is notable that in the event
of a SSE there could be chemical reactions between the RIM and non-RIM materials in OU-1. These reactions could
cause a rapid buildup of heat or gas and subsequent reactions or reactive conditions in the landfill.

EMSI Executive Summary Bullet Point #2: An SSE does not create conditions that could carry RIM particles
or dust off the site. The heat of an SSE is not high enough to ignite non-RIM wastes or chemical compounds
or to cause them to explode.

ETSC Observations: The temperatures in the SSE at the Bridgeton Landfill are consistent with levels corresponding
to pyrolysis2. If a SSE in OU-1 could reach similar temperatures, we would not expect the non-RIM material to ignite.
However, using the higher temperatures observed in the Bridgeton Landfill as a worse-case scenario, these

3 Nammari, R. (2006). Seasonal and long-Term Storage of Baled Municipal Solid Waste, Lund University, Sweden, ISBN 91-7422-
118-3.



temperatures may cause the structural integrity of the cap called for in the 2008 ROD to be adversely affected. This
could potentially include surface cracks and fissures in the cap extending down into the waste material, and
potentially cause permeation of the cover used. Surface cracks and fissures may allow gases (such as radon and
steam) to escape, and potentially create conditions that could allow fine particulates to escape from the landfill. Since
we do not have a full accounting of the material in OU-1, we cannot make a definitive assessment regarding the
potential for chemical reactions between the RIM and non-RIM materials if an SSE were to occur. If these reactions
were to occur, they could cause a rapid buildup of heat or gas, and subsequent reactions or reactive conditions in the
landfill.

EMSI Executive Summary Bullet Point #3: An SSE may allow radon gas to more easily rise through the
ground and reach the surface of the landfill than would otherwise occur, because heat will/would reduce the
amount of moisture in the buried solid waste (trash) thereby increasing the amount of air between the soil
particles and thus limiting the ability of the buried solid waste to retain radon below ground. Any radon gas
that does make it to the surface would dissipate quickly in open air. This potential increase in the rate of
release of radon gas at the surface of the landfill would be limited to the area of the SSE and would stop
when the SSE ends.

ETSC Observations: A SSE in OU-1 would be expected to create increased pressure conditions within the landfill and
force out entrained gases, including radon. Possible damage to the cap called for in the 2008 ROD from the SSE may
allow these gases to escape. Also, a SSE may be present in OU-1 for a long period of time before it is detected,
because the only apparent means to detect a SSE after closure is through annual visual inspections. Given that
measurements of radon in air during the SFS were close to a Uranium Mill Tailings Radiation Control Act (UMTRCA)
standard, there is the potential for radon releases at levels of concern if a SSE occurs in OU-1. This observation does
not consider other environmental conditions that could cause radon and other landfill gas concentrations to increase
at ground level, such as atmospheric inversions.

EMSI Executive Summary Bullet Point #4: An SSE in West Lake Area 1 or 2 would create no long-term
additional risks to people or the environment.

ETSC Observations: We do not support the conclusion that no additional long term risks would be created in the
event of a SSE at OU-1. There are at least two risk pathways that could exist from a SSE. The first is through
increased air exposures to contaminants such as radon. As airborne concentrations of radon increase, so would the
risk to people. The second pathway is increased leachate production that could move contaminants and dissolved
radon gas from OU-1 into the groundwater. Sampling would be needed to monitor whether either of these two
exposure pathways becomes an issue.

EMSI Executive Summary Bullet Point #5: Any short-term risks would be associated with the temporary
increase in radon gas coming from the surface of the landfill if no cap is installed on the landfill, or if the cap
called for by the 2008 ROD was not properly maintained.

ETSC Observations: Short-term effects of a SSE could also include greater amounts of leachate production, which
has been observed at the Bridgeton Landfill from condensation of large amounts of steam. A SSE may result in
increased emissions of radon and other contaminants in the air and groundwater, even with annual inspections and
proper maintenance of designs discussed in the 2008 ROD and 2011 SFS.

EMSI Executive Summary Bullet Point #6: These short-term risks can be addressed by designing, building,
and maintaining the landfill cap called for by the 2008 ROD, and by maintaining the land use restrictions
already in place on the entire West Lake property, which prevent certain site uses.

ETSC Observations: As stated earlier, if a SSE occurs, short-term risks may be present even with proper cap design,
inspection and maintenance.

EMSI Executive Summary Bullet Point #7: There are no additional ARARs associated with an SSE.

ETSC Observations: There do not appear to be additional Applicable or Relevant and Appropriate Requirements
(ARARSs) for the site if a SSE were to occur.




United States Environmental Protection Agency

Office of Emergency Management
Consequence Management Advisory Team
Erlanger, Kentucky 41018

o r
< CBRN CMAT 2
CA  CONSEQUENCE iy
VA  MANAGEMENT A%
O\, "DVISORY TEAM 3

&,
W <
QeproteS May 2013

Radiological and Infrared Survey of
West Lake Landfill
Bridgeton, Missouri

T SN

=

estiake LandfilFStirvey Arealias s
i \\ '_'_-' \

N

r .._.'"J_ - _' \Y
e )
' I.

Airborne Spectral Photometric Environmental
Collection Technology (ASPECT)



West Lake Landfill Survey May 2013

Team Members

EPA Region 7
Dan Gravatt, Superfund Remedial Project Manager

EPA ASPECT
Mark Thomas, PhD — Scientist, Team Lead
John Cardarelli II, PhD, CHP, CIH, PE — Health Physicist, Rad Lead
Timothy Curry, MS, PE - Finance and Operations
Paul Kudarauskas, MLA — Environmental Scientist

Kalman Co. Inc., Contract Support:
Jeff Stapleton, MS — Principal Engineer
Robert Kroutil, PhD — Senior Project Engineer
Dave Miller, PE - Integration Engineer

Airborne ASPECT Inc., Contract Support:
Sam Fritcher, President
Beorn Leger, Pilot
Ken Whitehead, Pilot
Richard Rousseau, System Operator
Mike Scarborough, System Operator

ii



West Lake Landfill Survey May 2013

Table of Contents
EXeCUtive SUMMANY ... s s s s s s s s s s s s e s s s e e ssessesesssnesesanes iv
Acronyms and Abbreviations .............nin vi
1.0 INErOdUCLION ... s s s s s s s e s s 1
2.0 Descriptions of the Sites and Survey Areas ..........cceeeeeeeeeeeemnrnmssnnsssmmssmnmmmmeennmeeases 2
3.0 Natural Sources of Background Radiation .......c.cccveeevviiiriiirinnninnnennniscnsnnniinsnninnn, 4
4.0 Survey Equipment and Data Collection Procedures................ccooenuemeiiiiinciisiennens 7
4.1 RaAIiation DIEteCIOrS......uvveiiiiiiieieiiieeeeeitieeeerirreseessteeeeeseraeseessareeesessreneessassaesssonsenesesseresses 7
4.2 INTTArEA SEISOT....uviieiciiiiciiee ettt e ete e s sera e e s tre s taessanee s neresnetesabeseaseaesasenaes 7
4.3 Flight Parameters ........ccoceevuiriiveiriieiiinitiitciecesne sttt 8
5.0 Data ANAlYSes.......coiicccrcmeeiiiiiiiiiisiissessnniiinssssss s e a s s s s e n s es s nr e nn e e e s e e s 9
5.1 RAdIOIOZICAL.....oiieiiieieecieeiieee ettt ettt bbb b et et sa e s 9
.2 INTTATEA. ..ottt et st e e s b e e r e e s e e e s re e nnesebaesetn e e baneenae 14
6.0 RESUILS ....ceeeeeeciiiiciiiiccci e rnanses s s ss s e e s r e s s e e aasesaseesanatesannnnsssstseenine 14
6.1 Radiological RESUILS ........ociiiiiieeiieiect ettt s 14
6.2 INFTAred RESULLS...cceeeiieeeece ettt s re e be e e saseesbae e anaessnenessnnessnsnesanns 20
Appendix | : Uranium Decay Chain........ccocccmiimieinimiminiinnininssneesnn e, 26
Y T o 1= 5 U [ | PP 27

Discussion about radiological uncertainties associated with airborne systems.. 27

Background radiation..........coccoueriiierrenieninicniciieie e 27
Secular Equilibrium ASSUMPLion ......c.ceceeerievinerennreniiniiiiinicsctcrec e 27
Atmospheric Temperature and Pressure ..., 28
Soil moisture and Precipitation...........ccocvevueeiiniieniiiiiiiiniiii s 28
Topography and Vegetation COVET..........cecuriiiiriiiiiiiniiiiiiii e e 28
Spatial CoONSIAEIAtIONS .....cc.erueeruereerieriereieniiintiis et re s 28
Comparing ground samples and airborne measurements ............ccocvvviveiiniiininnncecenenne 29
GEO0-SPatial ACCUIACY ....veuveieeieiiieticrieieeier ettt sttt et enes 30
ReferenCes.......ccoiceiiiiiniiinitinne s s s 31




West Lake Landfill Survey May 2013

Executive Summary

The United States Environmental Protection Agency (EPA), Office of Emergency Management
(OEM), Chemical Biological Radiological and Nuclear (CBRN) Consequence Management
Advisory Team (CMAT) manages the Airborne Spectral Photometric Environmental Collection
Technology (ASPECT) Program. This program provides scientific and technical support
nationwide to characterize the environment using airborne technologies for environmental
assessments, homeland security events, and emergency responses.

In January 2013, EPA Region 7 requested that the ASPECT Program conduct radiological and
infrared surveys over the West Lake Landfill in Bridgeton, Missouri. The surveys were
conducted on March 8, 2013, between 10:00 a.m.-12:00 noon. The West Lake Landfill is a
Superfund site that was placed on the Superfund National Priorities List (NPL) in 1990. The site
is known to contain leached barium sulfate residue from uranium ore processing activities.

The purpose of the radiological survey was to identify areas of elevated gamma radiation in
Operable Unit 1 as compared to normal background levels. The purpose of the infrared survey
was to identify any heat signatures associated with the ongoing subsurface smoldering event in
one of the non-radiological cells in Operable Unit 2, and to help delineate the extent of this
event. EPA chose to use the ASPECT airplane for this survey due to access issues on the site
that prevented ground-based scanning, specifically the heavy vegetation on parts of the landfill.
The responsible parties at the site conducted a ground-based radiation survey as part of the
Operable Unit 1 Remedial Investigation and EPA chose to refresh the radiation survey and
reconfirm its results. The ASPECT radiological survey confirmed the previous data showing
surface gamma emissions above background levels in a portion of Area 2 of Operable Unit 1, but
this area above background levels is within the fenced area of the site and is inaccessible to the
public, so it does not pose a public health risk. The results are consistent with previous studies
indicating that the radiological wastes remain in the previously identified areas of Operable Unit
1, Areas 1 and 2.

RADIOLOGICAL

About 800 gamma radiation measurements were collected and only 10 indicated excess uranium
or uranium decay products. The ASPECT measures gamma radiation from Bismuth-214 which is
the ninth decay product in the Uranium-238 decay chain because Uranium-238 is not a strong
gamma emitter. In this survey, Bismuth-214 most likely indicates the presence of Radium-226
(the fifth decay product of Uranium-238) rather than Uranium-238 since the original uranium ore
was chemically separated from the rest of its decay products. The separation process invalidates
a key assumption in the algorithms used to estimate equivalent uranium concentrations from the
gamma radiation data; therefore, throughout this report “equivalent radium” will be reported
instead of equivalent uranium.

All of the gamma radiation measurements that were significantly higher than background were
detected at 20 contiguous acres within Operable Unit 1, Area 2.

iv
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INFRARED

Since the ASPECT airplane can also collect infrared imagery, EPA chose to use these
capabilities in an effort to assist MDNR in assessing the extent of the subsurface smoldering
event in the Former Active Sanitary Landfill cell. The infrared surveys covered about 600 acres
of the West Lake Landfill and surrounding areas. Two infrared imagery passes over the landfill
generated four multi-spectral data sets. The data were converted to Celsius thermal units and
contoured for ease of interpretation. These thermal contour images did not reveal any obvious
subterranean heat signatures. In the area of the subsurface smoldering event in the Former
Active Sanitary Landfill cell in Operable Unit 2, all temperature differences observed were due
to surface features such as the black plastic cover placed there by the facility. Due to limitations
of the sensitivity of the infrared imager on the ASPECT airplane, the data did not show any
temperature differences that could be attributed to the subsurface smoldering event. This is due
in part to the depth of the subsurface smoldering event (ranging from approximately 40 to 160
feet below the surface, based on data reported to MDNR).
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Acronyms and Abbreviations

AEC Atomic Energy Commission
AGL above ground level
AOC administrative order on consent

ASPECT Airborne Spectral Photometric Environmental Collection Technology
Bi bismuth

CBRN Chemical Biological Radiological Nuclear
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
CMAT Consequence Management Advisory Team

cps counts per second

DOE Department of Energy

ENVI Environment for Visualizing Images

EPA Environmental Protection Agency

eRa Equivalent Radium based on 219Bj region of interest
eTh Equivalent Thorium based on 208T) region of interest
eU Equivalent Uranium based on 214Bj region of interest
FOV Field of view

FS feasibility study

ft feet

FUSRAP Formerly Utilized Sites Remedial Action Program
GPS Global Positioning System

Hz hertz

IAEA International Atomic Energy Agency

INU inertial navigation unit

K potassium

KeV kilo electron volts

MeV Mega electron volts

MDNR Missouri Department of Natural Resources

MSW municipal solid waste

Nal(T1) sodium iodide thallium drifted detector

NCP national contingency plan

NCRP National Council on Radiation Protection

NORM Naturally Occurring Radioactive Material

NPL National Priorities List

NRC Nuclear Regulatory Commission

OEM Office of Emergency Management

ou operable unit

pCi/g picocuries per gram

PRP potentially responsible party

QA quality assurance

QC quality control

Ra radium

RI remedial investigation

Rn radon

ROD record of decision
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ROI region of interest
SLAPS St. Louis Airport Sites
Th thorium

Tl thallium

8] uranium

puR/h microRoentgen per hour

USACE United States Army Corps of Engineers
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1.0 Introduction

The EPA initiated the Airborne Spectral Photometric Environmental Collection
Technology (ASPECT) Program shortly after 9/11. Its primary focus was the detection of
chemicals using an infrared line scanner coupled with a Fourier transform infrared
spectrometer mounted within an Aero Commander 680 twin-engine airplane. In 2008,
ASPECT significantly upgraded the radiological detector system to improve its airborne
gamma-screening and mapping capabilities. In 2012, a neutron detection system was
installed. Currently, ASPECT is the only program in the United States with a 24/7/365
operational platform that conducts remote sensing for hazardous chemicals,
gamma/neutron emitters, and aerial imaging. It has deployed to more than 130 incidents
involving emergency responses, homeland security events, and environmental
characterizations.

Up to a four member crew, two pilots and two technicians, operate the airplane. A
scientific support staff provides additional assessment and product development
commensurate with the site-specific needs.

In January 2013, EPA Region 7 requested that the ASPECT Program conduct
radiological and infrared surveys over the West Lake Landfill located in Bridgeton,
Missouri. The surveys were conducted on March 8, 2013.

The purpose of the radiological survey was to identify areas of elevated radiation
contamination as compared to normal background concentrations.* ASPECT uses
multiple algorithms to produce a variety of products for decision makers. One algorithm
requires measurements to be collected over an unaffected area to establish a local
background. This area was located near Cora Island, northeast of the survey areas. These
measurements were used to determine the statistical significance for any excess eRa and
the results are represented in a product called a “sigma plot.” One sigma represents one
standard deviation from expected background levels. While subsurface concentrations of
gamma-emitting isotopes can be detected by the instrumentation, self-shielding of the
ground limits its effective detection to a depth of about 30 centimeters or 12 inches
(Bristol, 1983).

The purpose of the infrared survey was to screen the area to aid in identifying any surface
thermal signatures resulting from the ongoing subsurface smoldering event in one of the
Operable Unit 2 cells or heat of reaction associated with the landfill.

* A “normal background” area was selected by the ASPECT subject matter experts to be an area northeast
of the site where no known contaminants exist.

Page 1 of 31
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2.0 Description of the West Lake Landfill Survey Area
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Figre 1: West Lake Landfill Survey Area cvers about 1,400 acres (2.5 square miles).

The West Lake Landfill Site covers 200 acres in Bridgeton, St. Louis County, Missouri,
about 16 miles northwest of downtown St. Louis (Figure 1). The site consists of the
Bridgeton Sanitary Landfill (Former Active Sanitary Landfill) and several inactive areas
with sanitary and demolition fills that have been closed. The Bridgeton Landfill is located
at 13570 St. Charles Rock Road.

Other facilities which are not subject to this response action are located on the 200-acre
parcel including concrete and asphalt batch plants, a solid waste transfer station, and an
automobile repair shop.

The site was used agriculturally until a limestone quarrying and crushing operation began
in 1939. The quarrying operation continued until 1988 and resulted in the formation of
two quarry pits. Beginning in the early 1950s, portions of the quarried areas and adjacent
areas were used for landfilling municipal solid waste (MSW), industrial solid wastes and
construction/demolition debris. These operations were not subject to state permits
because they occurred prior to the formation of the Missouri Department of Natural
Resources (MDNR) in 1974. Two landfill areas were radiologically contaminated in 1973
when they received soil mixed with leached barium sulfate residues.

The leached barium sulfate residues, containing traces of uranium, thorium, and their
long-lived decay products, were some of the uranium ore processing residues initially
stored by the Atomic Energy Commission (AEC) on a 21.7-acre tract of land in a then
undeveloped area of north St. Louis County, now known as the St. Louis Airport Site
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(SLAPS), which is part of the St. Louis Formerly Utilized Sites Remedial Action
Program (FUSRAP) managed by the U.S. Army Corps of Engineers (USACE).

In 1966 and 1967, the remaining residues from SLAPS were purchased by a private
company for mineral recovery and placed in storage at a nearby facility on Latty Avenue
under an AEC license. Most of the residues were shipped to Canon City, Colorado, for
reprocessing except for the leached barium sulfate residues, which were the least valuable
in terms of mineral content, i.e., most of the uranium and radium was removed in
previous precipitation steps. Reportedly, 8,700 tons of leached barium sulfate residues
were mixed with approximately 39,000 tons of soil and then transported to the site.
According to the landfill operator, the soil was used as cover for municipal refuse in
routine landfill operations. The data collected during the Remedial Investigation (RI) are
consistent with this account.

The quarry pits were used for permitted solid waste landfill operations beginning in 1979.
In August 2005, the Bridgeton Sanitary Landfill (Former Active Sanitary Landfill)
stopped receiving waste pursuant to a restrictive covenant with the Lambert - St. Louis
Airport to reduce the potential for birds interfering with airport operations.

EPA placed the site on the Superfund National Priorities List (NPL) in 1990. In 1993,
EPA entered into an Administrative Order on Consent (AOC) with the potentially
responsible parties (PRPs) for performance of the Operable Unit (OU) 1 RI/Feasibility
Study (FS). Pursuant to the requirements of that order, the PRPs submitted for EPA’s
review and approval an RI which detailed the findings of extensive sampling and analysis
on the area of OU 1 and the surrounding area. Following the RI, the PRPs submitted for
EPA’s review and approval an FS which evaluated the various remedial alternatives for
OU 1 consistent with the requirements of the AOC, the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA) and the National Contingency
Plan (NCP).

The site is divided into the following areas:

» QU 1 Area 1 — This area was part of the landfill operations conducted prior to state
regulation. Approximately 10 acres are impacted by radionuclides at depths ranging
down to 15 feet. The radionuclides are in soil material that is intermixed with the overall
landfill matrix consisting of municipal refuse.

« OU 1 Area 2 — This area was also part of the unregulated landfill operations conducted
prior to 1974. Approximately 30 acres are impacted by radionuclides at depths generally
ranging down to 12 feet, with some localized occurrences that are deeper. The
radionuclides are in soil material that is intermixed with the overall landfill matrix
consisting mostly of construction and demolition debris.

» Buffer Zone/Crossroad Property — This property—also known as the Ford Property—
lies on the western edge of OU 1 Area 2 and became surficially contaminated when
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erosion of soil from the landfill berm resulted in transport of radiologically contaminated
soils from Area 2 onto the adjacent property.

* Closed Demolition Landfill — This area is located on the southeast side of Radiological
Area 2. This landfill received demolition debris. It received none of the radiologically
contaminated soil. It operated under a permit with the State and was closed in 1995.

* Inactive Sanitary Landfill — This landfill is located south of Radiological Area 2 and
was part of the unregulated landfill operations conducted prior to 1974. The landfill
contains sanitary wastes and a variety of other solid wastes and demolition debris. It
received none of the radiologically contaminated soil.

* Former Active Sanitary Landfill — This municipal solid waste landfill—known as the
Bridgeton Landfill—is located on the south and east portions of the site. The landfill is
subject to a State permit issued in 1974. This landfill received none of the radiologically
contaminated soil. This landfill ceased operation in 2005 and is the cell that is currently
experiencing a subsurface smoldering event.

The site has been divided into two OUs (Figure 7). OU 1 consists of Radiological Area 1
and Radiological Area 2 (Areas 1 and 2) and the Buffer Zone/Crossroad Property. OU 2
consists of the other landfill areas that are not impacted by radionuclides, i.e., the Closed
Demolition Landfill, the Inactive Sanitary Landfill, and the Former Active Sanitary
Landfill (US EPA, Record of Decision for West Lake Landfill Site, Bridgeton Missouri,
Operable Unit 1, May 2008).

3.0 Natural Sources of Background Radiation

Naturally occurring radioactivity originates from cosmic radiation, cosmogenic
radioactivity, and primordial radioactive elements that were created at the beginning of
the earth about 4.5 billion years ago. Cosmic radiation consists of very high-energy
particles from extraterrestrial sources such as the sun (mainly alpha particles and protons)
and galactic radiation (mainly electrons and protons) and contributes to the total radiation
exposure on earth. The intensity of cosmic radiation increases with altitude, doubling
about every 6,000 ft, and with increasing latitude north and south of the equator. The
cosmic radiation level at sea level is about 3.2 uR/h and nearly twice this level in
locations such as Denver, Colorado. (Grasty, et al., 1984).

Cosmogenic radioactivity results from cosmic radiation interacting with the earth’s upper
atmosphere. Since this is an ongoing process, a steady state has been established
whereby cosmogenic radionuclides (e.g., 3H and '*C) are decaying at the same rate as
they are produced. These sources of radioactivity were not a focus of this survey and
were not included in the processing algorithms.

Primordial radioactive elements found in significant concentrations in the crustal material
of the earth are potassium, uranium and thorium. Potassium is one of the most abundant
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elements in the Earth's crust (2.4% by mass). One out of every 10,000 potassium atoms is
radioactive potassium-40 (*K) with a half-life (the time it takes to decay to one half the
original amount) of 1.3 billion years. For every 100 49K atoms that decay, 11 become
Argon-40 (**Ar) and emit a 1.46 MeV gamma-ray.

Uranium is ubiquitous in the natural environment and is found in soil at various
concentrations with an average of about 1.2 pCi/§. Natural uranium consists of three
isotopes with about 99.3% being uranium-238 (***U), about 0.7% being uranium-235
(***U), and a trace amount being uranium-234 (***U). Thorium-230 and Radium-226, as
decay products of Uranium-238, would be expected to have the same activity
concentrations as background Uranium-238 except that in some instances, changes in soil
chemistry may cause one species to migrate with the groundwater and disrupt the local
equilibrium so that the concentrations of Ra-226 and Th-230 may differ slightly from the
U-238 concentration. The ninth decay product of Uranium-238 is Bismuth-214 which is
used to estimate the uranium present since it is relatively easy to detect. Bismuth-214 has
a very short half-life relative to Ra-226, Th-230 or U-238; therefore it can be used to
infer the presence of Ra-226, Th-230, and U-238 for airborne applications. When it is
used to estimate these isotopes, the precursor designator ”e” (which means equivalent) is
used to identify that a decay product was used to estimate the Ra-226, Th-230, or U-238
levels and is reported as eRa, eTh, and eU accordingly. See Appendix 1 for the Uranium
decay chain.

Thorium-232 is the parent radionuclide of one of the four primordial decay chains. It is
about four times more abundant in nature than uranium and also decays through a series
of decay products to a stable form of lead. Thorium-232 is not part of the Uranium decay
chain. The thorium content of rocks ranges between 0.9 pCi/g and 3.6 pCi/g with an
average concentration of about 1.3 pCi/g (Eisenbud, 1987). The ninth decay product,
thallium-208 (2°*T1), is used to estimate the presence of thorium by its 2.61 MeV gamma-
ray emission.

All these primordial radionuclides are present in varied concentrations in building
materials which make-up part of our naturally occurring radioactive background (Table
1) (NCRP, 1987). Other radiation sources that contribute to our external radiation
include nuclear fallout and man-made radiation such as medical and industrial uses of
radiation or radioactive sources.
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Table 1: Average concentrations of uranium and thorium in some building materials

Material Uranium-238 Thorium-232
(pCi/g) (pCi/g)
Granite 1.7 0.22
Sandstone 0.2 0.19
Cement 1.2 0.57
Limestone concrete 0.8 0.23
Sandstone concrete 03 0.23
Wallboard 0.4 0.32
By-product gypsum 5.0 1.78
Natural gypsum 0.4 0.2
Wood - -
Clay brick 3 1.2
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4.0 Survey Equipment and Data Collection Procedures

4.1 Radiation Detectors

The radiological detection technology consisted of two RSX-4
Units (Radiation Solutions, Inc., 386 Watline Avenue,
Mississauga, Ontario, Canada) (Figure 2). Each unit was
equipped with four 2”°x4”x16” thallium-activated sodium
iodide (NalI[T1]) scintillation crystals.

The Radiation Solutions RSX-4 unit was used during this
survey for airborne detection and measurement of low-level

gamma radiation from both naturally occurring and man-made
sources. It can also be used for ground-based measurements.
These units use advanced digital signal processing and
software techniques to produce spectral data equivalent to
laboratory quality. The unit is a fully integrated system that includes an individual high
resolution (1,024 channel) advanced digital spectrometer for each detector. A high level
of self diagnostics and performance verification routines such as auto gain stabilization
are implemented with an automatic error notification capability, assuring that the
resulting maps and products are of high quality and accuracy.

Figure 2: RSX4 unit
showing four detector
locations.

4.2 Infrared Sensor

—— -+ There are two infrared sensors installed in the airplane to
' detect the difference in infrared spectral absorption or
emission on the surface. The first sensor is a model RS-
800, multi-spectral IR-Line Scanner (Raytheon TI
Systems, McKinney, TX) (Figure 3). It is a multi-
spectral high spatial resolution infrared imager that
provides two-dimensional images. Data analysis methods
allow the operator to process the images containing
various spectral wavelengths into images that indicate the
presence of subtle temperature differences.
The second sensor is a modified model MR254/AB
(ABB, Quebec, Quebec City, Canada). It is a high
throughput Fourier Transform Infrared Spectrometer (FT-
IR) that collects higher spectral resolution of the infrared
signature from any heat source. The instrument is
. capable of collecting spectral signatures with a resolution
selectable between 0.5 to 32 wave-numbers and was used
to assess infrared heat signatures over the West Lake

Figure 3 - View of infrared
sensors: high speed infrared

spectrometer, lower left corner; Landfill.
infrared line scanner is out of

view behind the line scanner
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4.3 Flight Parameters

The ASPECT airplane used the following flight procedures for data collection on March
8,2013:

Altitude above ground level (AGL): 500 feet for radiological survey
2,800 feet for infrared and photographic

survey
Target Speed: 110 knots (125 mph)
Line Spacing: 400 feet for radiological survey
1,500 feet for infrared and photographic
survey
Data collection frequency: 1 Hz for radiological survey

60 Hz for infrared survey

TN
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Flgure 4: thht lines radlologlcal survey over West Lake Lndﬁll site.

For environmental radiation surveys using a fixed-wing airplane, the flying height above
ground level has been more or less standardized at 400 feet (IAEA 1991, 2003).
ASPECT target height for this survey was 500 feet to permit safer flying conditions.
Aerial and ground-based surveys collected over phosphate mines in central Florida
provided evidence that the increased altitude flight parameters have no significant effect
on the airplane sensitivity or resolution for environmental surveys (Cardarelli et al.,
2011a, 2011b).
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5.0 Data Analyses

A unique feature of the ASPECT chemical and radiological technologies includes the
ability to process spectral data automatically in the airplane with a full reach back link to
the quality assurance/quality control (QA/QC) program. While data are generated in the
airplane using automated algorithms, a support data
package is extracted by the reach back team and
independently reviewed for scientific validity and
confirmation. The following sections detail the analyses
completed for this survey.

Stabilize Crystals

5.1 Radiological

Aerial gamma spectroscopy analyses have several
Collect distinctive considerations that must be addressed in order
i > to obtain accurate and meaningful products. Due to the

background data unique interactions of gamma rays with matter, special

techniques are used to process the data. For a
S UU0ILAGE uranium/radium survey, care must be taken to account for

the background levels of uranium/radium. This process
was described in Section 3. The ASPECT measures
Collect gamma radiation from Bismuth-214 which is the ninth
decay product in the Uranium-238 decay chain because
Uranium-238 is not a strong gamma emitter. In this
at survey altitude survey, Bismuth-214 most likely indicates the presence of
Radium-226 (the fifth decay product of Uranium-238)
rather than Uranium-238 since the original uranium ore

“test line data”

Collect was chemically separated from the rest of its decay
products. The separation process invalidates a key
“survey data” Tont: - i -
assumption in the algorithms used to estimate equivalent

uranium concentrations; therefore, throughout this report
“equivalent radium” will be reported instead of equivalent
uranium.

at survey altitude

Collect Several environmental factors, such as moisture, may
significantly affect the detector response. Specifically,
" K ” ol o . . “ge . .
test line data precipitation disturbs the equilibrium of the uranium decay

chain and soil moisture actually shields some of the
gamma rays and prevents them from reaching the
detectors. There are several similar considerations that are
discussed in Appendix II.

at survey altitude

Upload data to
ASPECT servers for In the days leading up to the survey, the St. Louis area had

received significant snowfall. During the survey, the
snowfall had melted, but the ground was likely fairly
saturated. This additional moisture in the ground would

postprocessing
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serve as a partial shield and reduce the intensity of radiation reaching the detectors. A 10
percent increase in soil moisture would decrease the total count rate by about 10 percent.
The higher than average energy from Bismuth-214 would be slightly less affected,
because soil moisture affects the detection of lower-energy gamma rays more than
higher-energy gamma rays.

Radiological spectral data are collected every second along with GPS coordinates and
other data reference information. These data are subject to quality checks within the
Radiation Solutions internal processing algorithms (e.g. gain stabilization) to ensure a
good signal. If any errors are encountered with a specific crystal during the collection
process, an error message is generated and the data associated with that crystal are
removed from further analyses.

Prior to the survey, the RSX-4 units go through a series of internal checks. When
powered up, the crystals go through an automated gain stabilization process. The process
uses naturally occurring radioelements of potassium, uranium, and thorium to ensure
proper spectral data collection. If no problems are detected, a green indicator light
notifies the user that all systems are good. A yellow light indicates a gain stabilization
issue with a particular crystal. This can be fixed by waiting for another automatic gain
stabilization process to occur or the user can disable the particular crystal via the
RadAssist Software application. A red light indicates another problem and would delay
the survey until it can be resolved.

The “background data” in this context includes radiation contributions from radon,
cosmic, and airplane sources. These are unwanted contributions to the radiation
measurements and must be subtracted from the raw measurements to properly estimate
radiation contributions from terrestrial sources only. Ideally, these data are collected over
water at the survey altitude but when a large body of water does not exist, research has
shown that an acceptable alternative is to collect data at 3,000 ft AGL (Bristow, 1983). At
this altitude, atmospheric attenuation reduces the terrestrial radiation to a negligible level
but is still low enough that cosmic radiation is not significant.

A “test line” in this context is flown at survey altitude near the survey area. The line is
not expected to contain any known elevated concentrations of naturally occurring
radioactive material (INORM) or man-made radionuclides. For this survey, an area near
Cora Island, northeast of the site, was used for this purpose. Hence, this test line serves as
the natural background area (after the radon, cosmic, and airplane sources are subtracted)
which the survey data is compared to determine if any statistical anomalies occur within
the survey area.

The calibration coefficients were determined based on methodology published by the
International Atomic Energy Agency (IAEA, 2003).

One of the possible software programs available to the ASPECT team for processing
radiological data is the Environment for Visualizing Images (ENVI) code. For this
survey, ENVI® Version 5.0; ASPECT Version 9.1.1.2, Build 1302282009 (Exelis Visual
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Information Solutions, Boulder, CO) was used to produce excess eRa sigma point plots
showing locations where 219Bi was out of balance with the surrounding environment.
The process is depicted below.

ENVI ASPECT Method
l

Live time correction

!

Subtract cosmic and airplane background
contribution (3,000 ft AGL)
i)
“Test line” (determines “normal’)
Height correction (1=0.0018 m-1

Calculate *'*Bi ROI K-value (median)
!

Subtract radon contribution (Test lines)
i)

Determine net count rate for >'*Bi and

standard deviation (sigma value; c)
l
Determine Sigma Values
(<-60,-6t0-4;-4t0-2;-2t02;2t0 4,4
to 6, >60)

i)

Create excess eRadium sigma plots

The excess eRa sigma plots are used to help determine whether the detected radiation
associated with the Bi-214 is consistent with areas known not to contain any elevated
radiation signatures, e.g. a background area. Because the uranium/radium concentration
will vary slightly from point to point, a statistical analysis is used to help make this
determination. The first step of this process is to determine the background variation.
This is done by measuring an area that is close to the site but not contaminated by the site
or containing any similar contaminants from other sources. All of the site measurements
are then compared to make sure they are within the range of the background data. Points
that are noticeably different from the background points are likely to be of man-made
origin. Excess eRa sigma points were determined using an algorithm based on the
assumption that natural background radioisotope contributions are stable over large
geographical areas. This will result in a spectral shape that remains essentially constant
over large count rate variations.

ASPECT used the ENVI code analysis wherein a background “test” line is flown with
similar characteristics in an area physically close to the survey location but not affected
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by the contamination. This background is used to compare the readings by statistical
methods. For this survey the area was near Cora Island just northeast of the site.

To determine excess radium count rate, the region-of-interest (ROI) around *'*Bi (1659
keV to 1860 keV) is compared to the ROI represented by nearly the entire spectrum,
called the Total Count ROI (36 keV to 3,027 keV). The count rate ratio between these
windows (e.g., Uranium ROI / Total Count Rate ROI) is relatively constant and is
referred to as the “K” value. A K-value was determined from the “test line” data
collected before and after each survey. The median K-value (e.g., most common K-
value) was used in the algorithm to determine excess eRa.

K-value = Count rate in target region-of-interest
Count rate in “Total Count” region-of-interest

Excess activity can be estimated using the following formula:
Excess eRa activity = Measured eRa activity — Estimated eRa activity

Where:
Measured eRa activity = the measured count rate within the eRa ROI during the survey

Estimated eRa activity = K-value * measured count rate in Total Count ROI during the
survey

The equation for excess activity becomes:

EXCESS eRa = Measured eRa ROI — (K * Measured Total Counts
ROI)

The most likely value of net “excess eRa” should be zero, and since radiological
disintegrations are randomly occurring events, the second-by-second “excess eRa” results
are statistically distributed about the mean in a normal Gaussian distribution (Figure 5).
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Normal Gaussian Linear Distribution
ok Standard deviation (o, sigma)
. represents the spread of the
data about the mean. In this
survey, the mean value (net
“eRa’) was zero.

1 6 = 68.27% of the data

2 6 = 95.45% of the data

3 6 =99.73% of the data

4 6 =99.99366% of the data
% 5 6 =99.99994% of the data
6 6 = 99.999999% of the data

i« 50% (PE) >| ‘
fe-—— 68 27 % (a0 ——»]

I o g

[« 95 45 %(20) »
e 99.7 % (30) >

Figure 5: Normal Gaussian distribution and associated confidence intervals.

Every measurement was scored according to its “sigma’ value and color coded according
to the ranges in Figure 6. The color code and range were arbitrarily selected to limit the
risk of false positives to 1 in about 15,800,000 samples (greater than or less than 6
sigma).

Sigma Values (Excess Bismuth-214)

. Less than -6.0 ‘-2.0 to +2.0 . Greater than +6.0
@ oo @+20t0+40
. -4.0t0 -2.0 @ +4.0to +6.0

Figure 6: Standard Deviation Legend for Excess eRadium
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5.2. Infrared

The ASPECT RS-800 multi-spectral line scanner is used to generate high spectral and
spatial resolution long wave energy data displayed as a standard imagery product.
Thermal imaging is produced by converting the measured radiance energy of each data
point by solving for the surface temperature (T) of the emitting object using the Stephan-
Boltzmann equation:

R=ocT*

R = radiance (watts per (square meter * steradian * Wavenumber)) of the
emitting surface

o = emissivity (ranging from 0 to 1.0 and material dependent) of the surface

T = temperature (degrees Kelvin) of the emitting surface.

To fully utilize the relationship between the emitted radiance and the temperature of the
emitting surface, an accurate measurement of radiance must be conducted and an
emissivity must be known or assumed. The ASPECT RS-800 permits fully
radiometrically calibrated radiance to be measured by using two flanking blackbody
calibration units which calibrate each scanned line of the image at a rate of 60 times per
second. Since the unit is multi-spectral, a channel optimized for sulfur hexafluoride
(centered on 947 Wavenumber) is used as the long wave thermal channel since the
infrared detector typically has the highest response in this spectral region. For a thermal
survey of grass covered areas, an emissivity of 0.85 is used. By rearranging the Stephan-
Boltzmann equation, the temperature can be extracted:

T = (R/o)"

This relationship permits the temperature for each image pixel (0.5 X 0.5 meter) to be
plotted and contoured. Based on the precision and accuracy of the blackbody units and
the overall sensitivity of the infrared channel used, the RS-800 can discern thermal
differences of about 0.2 degree Celsius from adjacent pixels.

6.0 Results

This survey was conducted on March 8, 2013, and covered over 2.25 square miles of land
and consisted of about 800 radiological data points and two infrared multi-spectral
images.

6.1 Radiological Results

Radiological products included eRa sigma plots, which represent the number of standard
deviations from a normal background (Figures 8, 9 and 10).

All of the elevated radiation measurements were detected during the West Lake Landfill
survey at or over 20 contiguous acres associated with Operable Unit 1, Area 2 (Figure 8).
This suggests that the surface soil contains waste residues from uranium ore processing.
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All other areas throughout the West Lake Landfill Survey did not register a significant
deviation from background.

Lk L -
¥ OperableUnit1}
e Arc= 2 R

* -{_Former'é_qtlve "
{  Sanitary Landflllf";.

Figure 7: West Lake Landfill sub-area designations. Highest eRa measurements were obtained over
Operable Unit 1 Area 2.

6.1.1 eRa Sigma Plots

Since uranium (and radium) is a naturally occurring radionuclide and is ubiquitous in
nature, a statistical analysis was conducted to determine the significance of any deviation
from naturally occurring background levels. The analysis is referred to as a sigma plot
and is discussed in Section 5. Areas on a sigma plot with values greater than 4 sigma
(standard deviations) are very likely to contain uranium or its decay products in
concentrations greater than background, while values greater than 6 sigma almost
certainly indicate above background levels for uranium or its decay products.

Table 2 summarizes the sigma plot results for excess eRa for the area surveyed over West
Lake Landfill. Of the 804 data points collected, two were within 4 to 6 sigma and an
additional eight were greater than 6 sigma. Over 92 percent of the area surveyed was
below the 2 sigma threshold. Less than 7 percent of the surveyed area fell between 2 and
4 sigma, while the areas between 4 and 6 sigma and those above 6 sigma combined were
1.25 percent of the total. Data above the 6 sigma threshold were centered over Operable
Unit 1 Area 2 (Figure 10).
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Table 2: Statistical data for eRa results

Flt. | |
Block | Area # Data - >2Sigma | >4sigma -

1 West Lake Landfill 804 741 53 2 8

92.2% 6.6% 0.25% 1%
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Figure 8: Excess eRadium Sigma Plot
West Lake Landfill Survey
March 8, 2013
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Sigma Values (Excess Bismuth-214)
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Flight Parameters

500 ft altitude
@ oto40 @ 2000 400 ft line spacing
@ or20 (@ +40t0+60 110 knots

1 second acquisition time

The area associated with eRa sigma points exceeding 6 sigma is associated with Operable
Unit 1, Area 2. Since the waste in the West Lake Landfill is known to contain uranium
ore processing residues, it is likely that the elevated measurements are from radium or
other uranium decay products rather than uranium itself.

This image should not be used independently to assess potential health risks.
Additional information is necessary to make appropriate health-related decisions.
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Figure 9: Area 1 Excess eRadium Sigma Plot
West Lake Landfill Survey
March 8, 2013

GU- 1iRadiologicallArea’l

Sigma Values (Excess Bismuth-214) Flight Parameters
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110 knots

. -40t0-20 +40t0 +6.0

1 second acquisition time

A close up of Operable Unit 1 Area 1. No points exceeding 6 sigma were detected in this
area.

This image should not be used independently to assess potential health risks.
Additional information is necessarv to make anoronriate health-related decisions.
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Figure 10: Area 2 Excess eRadium Sigma Plot
West Lake Landfill Survey
March 8,2013
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-40t0-20 +40to +6.0

1 second acquisition time

Operable Unit 1, Area 2. Since the waste in the West Lake Landfill is known to contain
uranium ore processing residues, it is likely that the elevated measurements are from
radium or other uranium decay products rather than uranium itself.

This image should not be used independently to assess potential health risks.
Additional information is necessarv to make anproporiate health-related decisions.
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6.2 Infrared Results

Infrared imagery provides high resolution thermal data that can provide useful
information to assess environmental conditions. At the West Lake landfill, Operable Unit
2 is known to have a subsurface smoldering event in the Former Active Sanitary Landfill
cell. Two infrared images from the West Lake Landfill area (Figures 11 and 12) were
evaluated for thermal signatures for the purpose of identifying any indication of
subsurface heat generation and for the potential to delineate the extent of the subsurface
smoldering event.

The infrared energy data in each image was converted to thermal units and contours
added to assist interpretation. The contour levels began at 10 degrees Celsius and
increment by 2 degrees each contour up to a maximum of 30 degrees. This represents the
thermal range expected for the surface features in the landfill areas. The resulting images
(Figures 13 and 14) were reviewed and no anomalous heat signatures that could be
attributed to the subsurface smoldering event were identified. The warmest areas shown
on the thermal figures (orange, red and white colors) correlate to obvious surface
features, such as black plastic cover material or structures, and the more subtle thermal
differences can be attributed to differential heating due to sun angle and soil type.
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Figure 11: Infrared Image of the Eastern Portion
of the West Lake Landfill Survey
March 8, 2013
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Figure 12: Infrared Image of the Western Portion
of the West Lake Landfill Survey
March 8, 2013
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Figure 13: Thermal Contouring Image of the Eastern Portion
of the West Lake Landfill Survey
March 8, 2013

WVSPECT Pherina! Contour Map
Westlahe Landilt
tritpeton, Mo
Marels 8, 2013

Heat Signature From Flare

The flare referenced in this figure is the device the landfill owner uses to burn off
methane and other gases collected from the landfill.
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Figure 14: Thermal Contouring Image of the Western Portion
of the West Lake Landfill Survey
March 8, 2013

Heat Signature ol Ilare

These images were collected in the late morning when the sun was striking the site and
heating up the surface materials, including large areas of black plastic cover material the
facility has been placing on the surface of the Former Active Sanitary Landfill cell. On
this figure, the exposed cover material, a high emissivity material, in the Former Active
Sanitary Landfill area clearly stands out as white with tightly spaced reddish contours
surrounding it. This is the anticipated signature from that type surface cover material.
Other higher thermal signatures of the Former Active Sanitary Landfill unit are consistent
with the known surface features at the site. The remaining signatures across the rest of
the landfill were consistent with slight differences in the emissivity of the surface
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materials found in those areas and differential solar heating due to the sun angle. This
infrared data set from the landfill area does not provide the information needed to
delineate the subsurface smoldering event.
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Appendix I
Discussion about radiological uncertainties associated
with airborne systems

Ideally the airborne radiation measurements would be proportional to the average surface
concentrations of radioactive materials (mainly NORM). However, there are several
factors that can interfere with this relationship causing the results to be over- or under-
estimated, as described below. Additionally, two other sections in this Appendix discuss
how airborne data should be interpreted and compared to ground-based surface
measurements.

Background radiation

Airborne gamma-spectroscopy systems measure radiation originating from terrestrial,
radon, airplane, and cosmic sources. To obtain only the terrestrial contribution, all other
sources need to be accounted for (subtracted from the total counts), especially for this
survey where small differences are important. Radon gas is mobile and can escape from
rocks and soil and accumulate in the lower atmosphere. Radon concentrations vary from
day to day, with time of day, with weather conditions (e.g., inversions and stability class),
and with altitude). It is the largest contributor among background radiation and its decay
product, 214Bi, is used to estimate radium and uranium concentration in the soil. Radon is
normally accounted for in the processing algorithm by flying specific test lines before
and after each survey and comparing the results. Cosmic and airplane radiation (e.g.,
instrument panels and metals containing small amounts of NORM) also provide a small
contribution to the total counts. These are accounted for in the processing algorithm by
flying a “high-altitude” or “water” test line and subtracting these contributions for the
survey data.

Secular Equilibrium Assumption

Secular equilibrium is assumed in order to estimate thorium or uranium concentrations
from one of its decay products, 298T) or 2B respectively. Secular equilibrium exists
when the activity of a decay product equals that of its parent radionuclide. This can only
occur if the half-life of the decay product is much shorter than its parent and the decay
product stays with its parent in the environment. In this case, the measurement of 219Bj
gamma emission is used to estimate the concentration of its parent radionuclide, uranium,
if one assumes all the intermediate radionuclides stay with each other. However, 22Rn s
a noble gas with a half-life of 3.8 days and may de-gas from soils and rock fissures due to
changes in weather conditions. Due to the relatively long half-life (compared to 219y
and the combined effect of radon gas mobility and environmental “chemical” migration,
it is not certain whether the secular equilibrium assumption is reasonable. In addition,
human intervention in this natural chain of events may have caused an increased
uncertainty in uranium concentration estimates. This becomes more complex with
uranium ore waste materials, where the uranium has been extracted and the resulting
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waste materials contain mostly uranium decay products, e.g. radium. In this situation, the
eRa concentration would be a better estimate for radium concentration rather than
uranium concentrations, as is the case in this survey.

Atmospheric Temperature and Pressure

The density of air is a function of atmospheric temperature and pressure. Density
increases with cooler temperatures and higher pressures, causing a reduction in detection
of gamma-rays. This reduction in gamma-ray detection is called attenuation and it is also
a function of the gamma-ray energy. Higher energy gamma-rays are more likely to reach
the detectors than lower energy gamma-rays. For example, 50% of the 219Bj 1.76 MeV
gamma-rays will reach the detector at an altitude of 300 ft whereas only 44% of the 1’
1.46 MeV gamma-rays will reach the detector.” Temperature and pressure changes
contribute little to the overall uncertainties associated with airborne detection systems as
compared to other factors. Despite the nominal correction, the ASPECT program
accounts for temperature and pressure effects.

Soil moisture and Precipitation

Soil moisture can be a significant source of error in gamma ray surveying. A 10%
increase in soil moisture will decrease the total count rate by about the same amount due
to absorption of the gamma rays by the water. Snow cover will cause an overall
reduction in the total count rate because it also attenuates (shields) the gamma rays from
reaching the detector. About 4 inches of fresh snow is equivalent to about 33 feet of air.
There was no significant precipitation during this survey; however, the ground was likely
saturated from recent snow melt.

Topography and vegetation cover

Topographic effect can be severe for both airborne and ground surveying. Both airborne
and ground-based detection systems are calibrated for an infinite plane source which is
referred to as 2n geometry (a flat surface). If the surface has mesas, cliffs, valleys, and
large height fluctuations, then the calibration assumptions are not met and care must be
exercised in the interpretation of the data. Vegetation can affect the radiation detected
from an airborne platform in two ways: (1) the biomass can absorb and scatter the
radiation in the same way as snow leading to a reduced signal, or (2) it can increase the
signal if the biomass concentrated radionuclides found in the soil nutrients are present in
the leaves or surfaces of the vegetation.

Spatial Considerations

Ground-based environmental measurements are usually taken 3 ft above the ground with
a field of view of about 30 ft*. The ASPECT collected data at about 500 ft above the
ground with an effective field of view of about 10 acres. These aerial measurements
provide an average surface activity over the effective field of view. If the ground
activity varies significantly over the field of view, then the results from ground- and
aerial-based systems may not agree. It is not unusual to have differences as much as

* Attenuation coefficients of 0.0077m™ for 1.76 MeV and 0.0064m™" for 1.46 MeV.
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several orders of magnitude depending on the survey altitude and the size and intensity of
the source material. For example, in the figures below, if the “A” circle represents the
detector field of view and the surrounding area had no significant differences in surface
activity, a 500 ft aerial measured could correlate to a ground-based exposure-rate of 3.5
uR/h. However, if all the activity was contained in a small area such as a single small
structure containing uranium waste materials (represented by the blue dot within the field
of view of “B”), a 500 ft aerial measurement may still provide the same exposure-rate
measurement but the actual ground-based measurements could be as high as 3,150 uR/h.

Detector Field of View

Concentration A Concentration B

Aerial measurement is Aerial measurement
a good indicator of will not capture
average ground differences in smaller
activity. areas of intense
activity.

Illustration of aerial measurement capabilities and interpretation of the results

Comparing ground samples and airborne measurements

Aerial measurements are correlated to ground concentrations through a set of calibration
coefficients. The ASPECT calibration coefficients for exposure-rate, potassium,
uranium, and thorium concentrations were derived from a well characterized
“calibration” strip of land near Las Vegas, Nevada. In situ gamma spectroscopy and
pressurized ionization chambers measurements were used to characterize the area. One
must exercise caution when using a laboratory to analyze soil samples to verify or
validate aerial measurements because differences will occur. In addition to local
variations in radionuclide concentrations, which are likely to be the most significant
issue, differences may arise due to laboratory processing. Laboratory processing
typically includes drying, sieving and milling. These processes remove soil moisture,
rocks and vegetation, and will disrupt the equilibrium state of the decay chains due to
liberation of the noble gas radon. Thus reliance on 20871 and 2B as indicators of 2**Th
and 228U (as is assumed for aerial surveying) is made more complex. In addition, aerial
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surveys cannot remove the effects of vegetation on gamma flux. Intercomparisons must
minimize these differences and recognize the effects of differences that cannot be
eliminated.

Geo-Spatial Accuracy

All aerial measurements collected by the ASPECT airplane are geo-coded using latitude
and longitude. The position of the airplane at any time is established by interpolating
between positional data points of a non-differential global positioning system and
referencing the relevant position to the time that the measurement was made. Time of
observation is derived from the airplane computer network which is synchronized from a
master GPS receiver and has a maximum error of one second”. Timing events based on
the network running the Windows-based operating system and the sensor timing triggers
have a time resolution of 50 milliseconds, so the controlling error in timing is the network
time. If this maximum timing error is coupled to the typical ground velocity of 55
meter/sec of the airplane, an instantaneous error of 55 meters is possible due to timing.
In addition, geo-positional accuracy is dependent on the instantaneous precision of the
non-differential GPS system which is typically better than 30 meters for any given
observation. This results in an absolute maximum instantaneous error of about 80 meters
in the direction of travel.

For measurements dependent on airplane altitude (photographs, IR images), three
additional errors are relevant and include the error of the inertial navigation unit (INU),
the systemic errors associated with sensor to INU mounting, and altitude errors above
ground. Angular errors associated with the INU are less than 0.5 degrees of arc.
Mounting error is minimized using detailed bore alignment of all sensors on the airplane
base plate and is less than 0.5 degrees of arc. If the maximum error is assumed, then an
error of 1.0 degree of arc will result. At an altitude of 150 meters (about 500 feet), this
error translates to about 10 meters. Altitude above ground is derived from the difference
in the height above the geoid (taken from the GPS) from the ground elevation derived
from a 30 meter digital elevation model. If an error of the model is assumed to be 10
meters and the GPS shows a typical maximum error of 10 meters, this results in an
altitude maximum error of 20 meters in altitude error. If this error is combined with
altitude and the instantaneous GPS positional error (assuming no internal receiver
compensation due to forward motion), then an error of about 50 meters will result. The
maximum forecasted error that should result from the airplane flying straight and level is
+/- 130 meters in the direction of travel and +/- 50 meters perpendicular to the direction
of travel. Statistical evaluation of collected ASPECT data has shown that typical errors
of +/- 22 meters in both the direction of and perpendicular to travel are typical.
Maximum errors of +/- 98 meters have been observed during high turbulence conditions.

" The ASPECT network is synchronized to the master GPS time at system start-up. If the observed
network/GPS time difference exceeds 1 sec. at any time after synchronization, the network clock is reset.
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MEMORANDUM

SUBJECT: West Lake Landfill Site: Recommendations

FROM: Elizabeth Southerland, Acting Deputy Director W ;

Office of Superfund Remediation and Technology Innovation

TO: Cecilia Tapia, Director
Superfund Division, Region 7

In response to your request for an evaluation of the remedy at the West Lake Landfill site, I had
several Superfund and radiation experts (proficient in landfill remedies, radioactive waste

remediation, and hydrogeology) from the Assessment and Remediation Division and the Office
of Radiation and Indoor Air review the site remedial studies and May 2008 Record of Decision.

As a result of this review, and following our discussions about the site with you and your staff on
May 12, 2009, we believe the region should include several measures to the selected remedy if
not already included in the remedy. First, the proposed cap should meet UMTRCA guidance for
a 1,000-year design period including an additional thickness to prevent radiation emissions.
Second, air monitoring stations for radioactive materials should be installed at both on-site and
off-site locations. Third, groundwater monitoring should be implemented at the waste
management unit boundary and also at off-site locations. The groundwater monitoring program
needs to be designed so that it can be determine whether contaminants from the landfill have
migrated across the waste management unit boundary in concentrations that exceed drinking
water MCLs. The groundwater monitoring program needs to measure for both contaminants that
have historically been detected in concentrations above MCLs (e.g., benzene, chlorobenzene,
dissolved lead, total lead, dissolved arsenic, total lead, dissolved radium, and total radium) and
broader indicators of contamination (e.g., redox potential, alkalinity, carbonates, pH, and
sulfates/sulfides). If the results of the groundwater monitoring program provide evidence that a
plume of contaminants at concentrations above the MCLs has or is currently migrating beyond
the waste management unit boundary, then the region should do further evaluations and take
appropriate response actions. Fourth, flood control measures at the site should meet or exceed
design standards for a 500-year storm event under the assumption that existing levee system is
breached.
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Mr. Henry B. Robertson

Great Rivers Environmental Law Center
705 Olive Street, Suite 614

St. Louis, Missouri 63101-2208

Dear Mr. Robertson:

Thank you for your letter dated April 2, 2009, to the Administrator, requesting that
the U.S. Environmental Protection Agency (EPA) reconsider its selected remedy for the
radiologically contaminated disposal areas at the West Lake Landfill NPL site in Bridgeton,
Missouri. Thank you also for your letter dated December 9, 2009, requesting that EPA
delegate to the Army Corps of Engineers the task of removing the radioactive materials from
the floodplain.

EPA Region 7°s Superfund Division and the EPA Headquarters Office of Superfund
Remediation and Technology Innovation in Washington, DC have spent the last several
months giving serious consideration to the specific concerns you raised. We have
collectively decided to carry out a supplemental feasibility study. We will make public the
work plan for the feasibility study and the supplemental evaluation report, when each is
finalized.

We wish to thank you for taking the time to express your organization’s concerns in
such a thoughtful and detailed manner, and appreciate your patience as we work through the
issues you have raised. We will be following up with your organization as the study
proceeds. If you have any questions, please feel free to contact Daniel Wall of Region 7’s

Superfund Division at wall.daniel@epa.gov or 913-551-7710.
Sincerely,

ames E.“WVoolford, Director

Office of Superfund Remediation and
Technology Innovation
. N . 30266616
" Kl Brook, Regional Administrator, Region 7 LT

Superfund
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